Hashimoto's thyroiditis (HT) is the most common autoimmune thyroid disease. The actual mechanism by which the immunological factors lead to HT has remained obscure. Macrophage migration inhibitory factor (MIF) is recently recognized as a cytokine that has a broad range of inflammatory and immune effects. The aim of this study is to assess the role of MIF in the pathogenesis of HT. Patients and methods One hundred and twenty-nine patients were classified into three groups: (a) overt hypothyroidism, (b) subclinical hypothyroidism, and (c) the control group. A complete history taking, clinical examination, and laboratory investigations were done. Laboratory investigations included thyroid function tests [thyroid-stimulating hormone (TSH), triiodothyronine, and thyroxine], antithyroid antibodies (antithyroid peroxidase antibodies and thyroglobulin antibodies), and MIF level.
Introduction
Hashimoto's thyroiditis (HT) is considered as the main cause of hypothyroidism especially in iodine-sufficient areas [1] . There are specific antibodies present in excess levels in HT, mainly thyroglobulin antibodies (Tg-Abs), and thyroid peroxidase antibodies (TPO-Abs) and both are correlated with the severity of thyroid autoimmune damage [2] . Macrophage migration inhibitory factor (MIF) is one of the recently recognized cytokines that has a broad range of inflammatory and immune effects including lymphocyte proliferation, regulation of macrophage, and induction of inflammatory cytokines [3] . It also promotes the synthesis of inflammatory cytokines such as interleukin-6 (IL-6), IL-2, tumor necrosis factor alpha, and interferon-γ, IL-2, and IL-6 [4] .
Moreover, MIF promotes T-cell proliferation and stimulation and has also p53-dependent apoptosis [5] .
In addition, MIF gene polymorphism (rs 755622 SNP (is associated with goiter size in patients with Grave's disease, which is another common autoimmune thyroid disease [6] . Serum levels of MIF have been shown to be present in excess in several other autoimmune disorders like Wegener's granulomatosis, rheumatoid arthritis, and systemic lupus erythematosus [7] .
Neutralizing MIF effects by anti-MIF antibodies have been shown to be therapeutically effective in many autoimmune diseases [8] .
Although immunological factors have been considered to play a key role in the pathogenesis of autoimmune thyroid diseases, the exact mechanism by which immunological factors leads to the pathogenesis of HT have remained debatable.
Therefore, the aim of this study is to assess the role of MIF in the pathogenesis of HT by studying its levels in subclinical and overt hypothyroid patients compared with the control group.
Patients and methods
The protocol of this study was approved by the local ethics committee in March 2017 (all procedures performed were in accordance with the ethical standards of the Institutional Research Committee and with Helsinki declaration and its later amendments). The authors have no conflicts of interest, and they alone are responsible for the content and writing of the paper. This study was carried out at the Internal Medicine and Clinical Pathology Departments, Faculty of Medicine.
One hundred and twenty-nine patients were included in this study. After being informed on the purpose and procedures of the study, all subjects signed on an informed consent form. They were classified into three groups: (a) overt hypothyroidism group: It included 43 adult patients with newly diagnosed overt hypothyroidism. They were five men and 38 women. Their ages range from 26 to 60 years with a mean age of 37.7±8.4 years. (b) Subclinical hypothyroidism group: it included 43 adult patients with newly diagnosed subclinical hypothyroidism. They were six men and 37 women. Their ages ranged from 21 to 63 years with a mean age of 37.7±10.2 years. (c) Control group: it included 43 apparently healthy adult patients with normal thyroid functions and they were not receiving any medications. They were seven males and 36 women. Their ages ranged from 24 to 53 years with a mean age of 37.3±7.5 years. They matched well with patients as regards age and sex.
Patients with clinical manifestations of hypothyroid disorder and had serum thyroid-stimulating hormone (TSH) more than 5 μIU/ml with positive anti-TPO-Abs and anti-Tg-Abs. Subclincal hypothyroidism was considered if free thyroxine (T4) 0.7-1.8 ng/dl and overt hypothyroidism if free T4 less than 0.7 ng/dl.
Patients who refused to be included in the study, patients on levothyroxine, or drugs affecting thyroid functions, patients with renal, hepatic dysfunction, acute or chronic inflammatory conditions, acute infections, malignancy, and diabetic patients were all excluded from our study.
All patients were subjected to the following. Complete history taking: clinical examination and laboratory investigations which included: (a) thyroid function tests [TSH, triiodothyronine (free T3), and free T4), (b) antithyroid antibodies (anti-TPO-Abs and Tg-Abs), (c) estimation of MIF level by enzyme-linked immunosorbent assay (ELISA).
Specimen collection
A measure of 3 ml of venous blood sample was aseptically withdrawn from each patient by venipuncture. The blood sample was delivered into sterile plain vacutainer tube with a stopper, left to clot at 37°C for 10 min, and then centrifuged at 3000 rpm for 20 min Part of the serum was used for thyroid function tests and antithyroid antibodies and the other part of the serum was stored at −20°C for MIF level estimation by ELISA. The kit uses a double-antibody sandwich ELISA to assay the level of human macrophage MIF in serum samples. Adding human macrophage MIF to monoclonal antibody enzyme well which is precoated with human macrophage MIF monoclonal antibody, incubation; then, adding (MIF) antibodies labeled with biotin, and combined with Streptavidin-HRP to form immune complex; then incubation and washing again to remove the uncombined enzyme. Then by adding chromogen solution A, B, the color of the liquid changes to blue and with the effect of acid, the color finally becomes yellow. The chroma of the color and the concentration of human macrophage MIF of the samples are positively correlated.
Statistical analysis
The collected data were computerized and statistically analyzed using the statistical package for the social sciences, version 18. Qualitative data were represented as frequencies and relative percentages. χ 2 test was used to calculate the difference between qualitative variables. Quantitative data were expressed as mean±SD when followed the normal distribution and as median and interquartile range when they are not normally distributed. Analysis of variance test was used to calculate the difference between quantitative variables in more than two groups in normally distributed data. Kruskal-Wallis test was used to calculate the difference between quantitative variables in more than two groups in not normally distributed data. Mann-Whitney test: it is a nonparametric test that is used to compare two sample means that come from the same population, and is used to test whether two sample means are equal or not. Pearson's correlation coefficient was used to calculate the correlation between the quantitative variables. It is considered that + sign was as an indication for direct correlation, that is increased frequency of independent sign leads to an increased frequency of dependent and−sign as indication for inverse correlation, that is increase frequency of independent lead to decrease frequency of dependent. The significance level for all the abovementioned statistical tests was done. The threshold of significance is fixed at 5% level (P value). A P value of more than 0.05 indicates nonsignificant results. A P value of less than 0.05 indicates significant results. A P value of less than 0.01 indicates highly significant results.
Results
The results of this study present in the following tables. Table 2 shows there is highly statistically significant difference between the three groups regarding TPO-Abs, Tg-Abs, and MIF (P<0.001) using the Kruskal-Wallis test with increased anti-TPO levels in group1 (group1>group 2>group 3), Tg-Abs levels in group 2 (group 2>group 1>group 3), and increased MIF levels in group 1 (group 1>group 2>group 3). Table 3 shows the comparison between each two groups in age, TSH, free T3, free T4, TPO-Abs, Tg-Abs, and MIF (we used the post-hoc test for age variable and used the Mann-Whitney U test for other variables) and our results have shown that there is highly statistically significant difference between the overt (group 1) and subclinical (group 2) hypothyroidism groups in TSH, free T3, free T4, and (P<0.001). But regarding age, TPO-Abs and Tg-Abs and MIF there were no statistically significant differences between the overt and subclinical hypothyroidism groups. Regarding overt (group 1) and control (group 3) there was highly statistically significant difference in TSH, free T3, free T4, TPO-Abs, Tg-Abs, and MIF (P<0.001). But regarding age, there was no statistically significant difference between the two groups. This table represents also high statistically significant difference between the subclinical hypothyroid (group 2) and control (group 3) in TSH, TPO-Abs, Tg-Abs, and MIF (P<0.001). But there were no statistically significant differences between the two groups regarding other variables (age, free T3, and free T4). Table 4 shows the correlation between MIF with age, thyroid function tests, and antithyroid antibodies in all groups: as regards group 1 (overt hypothyroidism), there were statistically significant positive correlations between MIF with TSH, TPO-Abs, and Tg-Abs and negative correlation with free T4. Otherwise, there is no statistically significant correlation between MIF with age and free T3. As regards the subclinical hypothyroid group (group 2), there were statistically significant positive correlation between MIF and TSH, TPO-Abs, and Tg-Abs, but no statistically significant correlation between MIF and age, free T3, and free T4. Otherwise, there is no statistically significant correlation between MIF with age, thyroid functions tests, and antithyroid antibodies in the control group.
Discussion
Our case-control study showed no statistically significant difference between overt (group 1), subclinical (group 2) hypothyroid groups, and control group (group 3) regarding age and sex with a female predominance among the studied groups. This is in agreement with the studies proposed by Erdogan et al. [9] , Ates et al. [10] , and Mehmet et al. [11] which were done on newly diagnosed adult HT patients in comparison with healthy controls.
Our study showed that there was high statistically significant difference between the studied groups in TSH, free T3, and free T4 with higher TSH median levels in the overt group more than the other two groups (subclinical and control groups), respectively, while T3 and free T4 median levels had the lowest levels in the overt group.
Our study agreed with Erdogan et al. [9] , Halder et al. [12] , Han et al. [13] , Ates et al. [10] , Xue et al. [14] , and Mehmet et al. [11] which reported that there were statistically significant differences between adult newly diagnosed HT patients and control groups regarding free T3, free T4, and TSH.
The study done by Peng et al. [15] showed that there were no statistically significant difference between the patient group and control group regarding free T3 and free T4.
This discrimination between this study and our study can be interpreted as Peng and colleagues included euthyroid patients with positive antithyroid antibodies in their patients group and due to our small sample size.
Our results have shown that TPO-Abs median levels were higher in the overt group than in subclinical and control groups, while Tg-Abs median levels are higher in the subclinical group than in overt and control groups and the MIF levels were higher in the overt group than in the subclinical and control groups, respectively. These results were similar to the results performed by Erdogan et al. [9] , Han et al. [13] , Ates et al. [10] , Xue et al. [14] , and Mehmet et al [11] who found that there were statistically significant differences between overt, subclinical, and control groups.
Moreover, Xue et al [14] classified the groups into hypothyroid groups (patients with subclinical or overt hypothyroidism) and healthy groups which showed that the serum MIF levels increased in the hypothyroid patient group compared with healthy control with remarkable difference between the two groups which supports our results.
On the other hand, Ayaz et al. [16] have found higher MIF levels in patients with overt hypothyroidism compared with healthy control and subclinical patients, respectively, but not statistically different.
This discrepancy between our results and Ayaz and colleagues' results may be due to racial differences and different MIF genotype expression which affect the serum levels of MIF.
Our results have shown significant differences between overt hypothyroid group (group 1) and control group (group 3) regarding TSH, free T3, free T4, TPO-Abs, Tg-Abs, and MIF. There was no significant difference among the two groups in age.
In comparison between overt hypothyroid group and control group, our results were the same as those of Carle? et al.
[17], regarding TSH, TPO-Abs, and Tg-Abs which were statistically different.
Zybek-Kocik et al. [18] , showed that the statistical difference between the overt hypothyroid and the control group was observed in TSH, free T3, and free T4 concentrations with no statistical difference regarding age.
Also Ateşet al. [19] reported the same result of our study regarding age, TSH, free T3, free T4, TPO-Abs, and Tg-Abs among overt hypothyroid and control groups.
Another study done by Ayaz et al. [16] enrolled that there were statistically significant differences regarding TSH, free T3, free T4, TPO-Abs, and Tg-Abs among overt hypothyroid and control groups.
In the subclinical hypothyroid group TSH, TPO-Abs, Tg-Abs, and MIF levels were statistically significantly higher than the control group according to our results; on the other side, there were no statistically significant differences between subclinical hypothyroid and control groups regarding age, free T3, and free T4.
Similar results were obtained from the study by Türemen et al. [20] , who found a statistically significant difference in TSH, TPO-Abs, and Tg-Abs between subclinical hypothyroid and control groups, and showed no statistically significant difference in age and free T4 between the two groups.
Another study done by Lupoli et al. [21] mentioned that TSH showed statistically significant difference between subclinical hypoythyroid and control groups, while there was no statistically significant difference between the two groups regarding age, free T3, and free T4.
Also Shatynska-Mytsyk et al. [22] , and Baskoy et al. [23] demonstrated that TSH, TPO-Abs, and Tg-Abs had significant difference between the two groups while age, free T3, and free T4 showed no statistically significant difference.
Regarding MIF levels, there was no significant difference between subclinical and overt hypothyroid groups with higher levels of MIF in the overt group, while there were high statistically significant differences between overt and control and also between subclinical and control groups. This dynamic alternation in different disease stages may suggest that MIF has a role in the pathogenesis of HT.
In the overt hypothyroid group, the statistically positive correlation between MIF and TSH which is the most sensitive index reflecting thyroid functions supported the theory of the role of MIF in HT progression. Also our study showed that MIF had a statistically positive correlation with TPO-Abs and Tg-Abs which indicates the severities of autoimmune damage in the thyroid. While MIF was negatively correlated with free T4, there was no statistically significant correlation between MIF and age, free T3, and free T4.There was no statistically significant correlation between MIF and age, TSH, free T3, free T4, TPO-Abs, and Tg-Abs in the control group.
The correlation results which lastly mentioned agreed with the results of Xue et al. [14] , regarding the correlation between MIF with TSH, TPO-Ab, and Tg-Ab.
In the context of the role of MIF in autoimmune diseases, a recent study done by Bae and Lee [24] in 2017 reported that serum MIF levels were significantly higher in the rheumatoid arthritis group than in the control group and in the same year Feng et al. [25] mentioned that serum levels of MIF were elevated in systemic lupus erythematosus patients and were positively associated with disease activity and accumulated damage.
From all the above, we can suggest that MIF has a role in the pathogenesis of HT and can participate in the progression of the disease.
MIF represents a potential target for anti-MIF therapy, which might attenuate the autoimmune process in type 1 diabetes mellitus [26] . Therapeutic investigations have shown that MIF and IL-17 deficiency through genetic deletion or Abs neutralization results in the protection or release from several animal models of inflammatory and autoimmune disease [27] .
Conclusion
We concluded that serum MIF levels increased in overt and subclinical hypothyroidism due to HT and their levels were positively correlated with thyroid-specific autoantibodies and TSH. These findings suggest that serum MIF levels play a role in the pathogenesis and development of thyroid autoimmune responses in patients with HT not only in the initial phase but also in the later phase of the disease.
We recommend further larger studies to assess the MIF role in the prognosis of HT and its treatment by a new strategy trying to use MIF neutralizing Abs that may reduce the progression of HT.
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